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A re-examination of the pollinator crisis Reports of colony collapse disorder in bees and studies showing the toxicity of 
neonicotinoid pesticides have led to claims that we are experiencing a pollinator 
crisis. As Cyrus Martin reports, however, the issue is complex with threats to bees 
being multifold and the status of populations unclear due to a surprising lack of 
data.In July, despite protests from 
conservationists, the UK in certain 
specifi ed regions lifted a moratorium on 
the use of three pesticides suspected of 
being toxic to bees. The two-year ban 
on the pesticides was originally imposed 
by the EU in response to studies 
indicating that the chemicals, known as 
neonicotinoids, may negatively impact 
bees. The recent reprieve in the UK 
appears to be a response to the ravages 
infl icted by the cabbage stem fl ea beetle 
on oilseed rape crops. However, in 
succumbing to the demands of farmers, 
there is the worry that already threatened 
wild bee species may be put in greater 
jeopardy. Compounding this, the 
presumed short-term benefi ts to crop 
production provided by these pesticides Cu
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by the loss of important pollinators vital 
to such crops. The last decade has 
witnessed a series of disturbing events, 
including mass die-off of managed 
bee colonies as well as rapid declines 
in wild bee populations, all suggesting 
that we are on the verge of a pollinator 
crisis. But the issue is complex. There 
is debate about the causes of pollinator 
declines, which appear to be multifold, 
and also arguments that the crisis itself 
is overblown.
Pollinator services
The staple crops like wheat, rice, 
and maize that produce the bulk of 
the calories consumed by humans 
reproduce either by releasing pollen rrent Biology 25, R811–R826, October 5, 2015
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Bottom left to right: Louise Docker, Gideon Pisantgrains into the air, where they are carried 
aloft by the wind to other plants, or 
through self-fertilization. But many 
other crops, at least 75% of crops 
grown worldwide, benefi t at least to 
some degree from animal-mediated 
pollination. Crops like oilseed rape 
and almonds depend on insects such 
as honey bees and bumble bees for 
fertilization. Bees are particularly good 
pollinators because they actively collect 
not only nectar but also pollen, which 
is fed to the developing brood back in 
the hive. In the process of foraging at 
an individual fl ower, pollen becomes 
attached to specialized hairs on the 
body of the bee. These stowaways 
have the potential to fertilize the fl owers 
subsequently visited by the insect, with 
the effi ciency of fertilization increasing 
the more a bee is specialized for a 
particular fl ower.
In terms of agriculture, pollinators 
provide an essential ecosystem service, 
and this can be quantifi ed in dollars. 
It is estimated that wild pollinators 
provide an economic benefi t of $3,000 
per hectare in a given season. And 
agriculture’s dependence on pollinators 
appears to be increasing in that the  ©2015 Elsevier Ltd All rights reserved R811
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crops is growing at a greater rate 
than other crops. Lawrence Harder, a 
pollination expert at University of Calgary 
who has studied the issue, speculates 
that the root of these changes may be 
two-fold. Referring to the trends, Harder 
says, “I suspect that they relate primarily 
to an increase in disposable income in 
some developing countries, such as 
China”, adding, “Increased globalization 
of agricultural trade likely helped supply 
this increased demand”. So, with an 
increased standard of living, people may 
be supplementing their daily bread with 
high-value foods that include various 
berries and nuts. These items represent 
an important component of human 
diets due to the important vitamins and 
other micronutrients they contain, and 
they can now be found at most grocery 
stores year-round thanks to global 
trade and advances in food storage and 
transportation.
Warning signs
Given our reliance on pollinators for 
agriculture, the prospect of a pollinator 
crisis should cause us to worry. 2007 saw 
Honey boom: Despite scares caused by colo-
ny collapse disorder and dwindling hives in the 
US and Europe, managed honey bee popula-
tions have steadily increased globally for the 
last 50 years, with a few slight hiccups. These 
trends can be explained by honey production 
moving abroad and honey production overall 
keeping pace with human population growth. 
(Photo credit: Luc Viatour/www.Lucnix.be.)R812 Current Biology 25, R811–R826, Octothe fi rst signs of trouble, when American 
and European beekeepers reported an 
ominous and mysterious phenomenon 
affecting their hives. In a normal year, 
it is not unusual for a honey bee hive 
to experience some losses over the 
winter, perhaps as many as 10% of the 
individuals in a colony. In 2007, however, 
the losses were much greater, and there 
was a peculiar aspect to the die-offs. In 
many cases, there were no corpses in the 
hive — the adults were simply missing, 
as if they had wandered off into the night, 
leaving the brood behind to fend for itself. 
In the US, 24 states all reported the same 
phenomenon, which was subsequently 
dubbed ‘colony collapse disorder’ or 
CCD.
Fingers quickly pointed to potential 
causes of CCD. Chief among the 
suspected culprits were the newly 
introduced neonicotinoid pesticides, 
which are applied as seed dressings to 
crops and spread throughout the plant’s 
tissues as it grows. The chemical works 
by targeting the nicotinic acetylcholine 
receptors of insects, causing paralysis 
and death. Like all pesticides, 
neonicotinoids were subjected to 
extensive testing to establish doses that 
would limit collateral damage to wildlife. 
But such testing only established lethal 
doses and did not address whether 
limited exposure, while not immediately 
killing bees, could have long-term 
behavioral consequences. This proved 
short-sighted as subsequent work has 
shown that even low concentrations of 
neonicotinoids, especially when multiple 
chemicals are used in combination, can 
negatively affect the ability of bees to 
forage, and also result in slower colony 
growth.
 A continuing criticism of the 
neonicotinoid studies lodged by farmers 
and pesticide manufacturers is that these 
largely laboratory-based experiments 
do not necessarily translate to the fi eld. 
However, a very recent paper in Nature 
from Rundlöf et al. showed that wild 
bumble bee colonies in close proximity 
to oilseed rape fi elds treated with a 
combination of a neonicotinioids and 
another pesticide suffered signifi cant 
losses compared with colonies near 
untreated fi elds (Rundlöf et al. (2015). 
Nature 521, 77–80).  
While neonicotinioids are clearly 
toxic to bees, scientists say that there 
are multiple causes of CCD, so we 
can’t place all the blame at the feet of ber 5, 2015 ©2015 Elsevier Ltd All rights reservepesticides. Pathogens likely play an 
important role, in particular the mite 
Varroa destructor and the deformed 
wing virus. A recent study in the journal 
Science from Martin et al. looking at 
the spread of the mite in Hawaiian 
bee populations showed that the two 
pathogens work in tandem, with the 
mite providing a transmission route for 
the virus (Martin et al. (2012). Science 
336, 1304–1306). And there is also 
the potential for interactions between 
pesticides and pathogens as laboratory 
experiments have shown that pesticides 
can weaken the insect immune 
system. All of these factors seem to 
be compounded by the transport of 
managed bee colonies around the 
globe to satisfy local need, which puts 
many bees in close proximity to one 
another under stressful conditions and 
helps rapidly spread disease over long 
distances.
Reining in the hysteria
Judging from the reports in the media, 
especially during the spring of 2007 
when the fi rst cases of CCD were 
coming to light, a bee pandemic the 
likes of which we had never seen was 
upon us. But scientists familiar with the 
history of managed bee populations 
have noted the 2007 incident was not 
unique. As Ben Oldroyd, a bee expert 
at the University of Sydney wrote in 
a review on CCD published in PLoS 
Biology, the historical record is littered 
with tales of bee plagues, with evidence 
of many CCD-like episodes in the last 
two millennia, and several in this century 
(Oldroyd, B.P. (2007). PLoS Biol. 5, 
e168). As an example, the review notes 
a mysterious “disappearing disease” in 
the Cache valley of Utah where in 1903 
2,000 colonies were lost. In addition, if 
one looks at the number of managed 
honey bee colonies worldwide, the 
last 50 years has seen a fairly steady 
increase with the exception of a slight 
dip between 1991 and 1996.
If we drill down to individual countries, 
we see that in the US, in contrast to 
the global trend, the number of honey 
bee hives have steadily decreased. 
In an analysis published in Current 
Biology, Aizen and Harder argued that 
these trends are best explained not 
by the changing health of bees but by 
socio-economic factors, in particular 
the demand for honey (Aizen, M.A., 
and Harder, L.D. (2009). Curr. Biol. d
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Wild pollinators under threat: While data for wild pollinators are scarce, surveys of species such 
as bumble bees suggest that the populations of wild pollinators may be contracting due to fac-
tors such as habitat destruction and climate change. As an example, the range of the bumble bee 
Bombus terricola has shrunk signifi cantly in the last decade. (Photo courtesy of Richard Hatfi eld, 
the Xerces Society; data contributors found at http://www.leifrichardson.org/bbna.html.)19, 915–918). Thus, the increase in 
managed honey bee colonies closely 
tracks human population growth (and 
demand for honey), while the decline 
in hives in the US may refl ect the 
movement of honey production abroad. 
Aizen and Harder further argue that the 
global dip during 1991–1996 refl ects 
the breakup of the Soviet Union and its 
consequences.
 While these fi ndings don’t trivialize 
the cases of CCD that are happening at 
a local level, which have been reliably 
documented, they strongly call into 
question whether we are experiencing 
a pollinator crisis, at least with regard 
to managed bees. This is in keeping 
with the fact that pollinator-dependent 
crop production has not suffered, and 
as noted is claiming an increasing 
share of total agricultural production. 
One important caveat, however, is that 
yields of pollinator-dependent crops 
don’t appear to respond as strongly to 
agricultural intensifi cation, suggesting 
that pollinators may be an important 
limiting factor, one that is threatened by 
farming practices that fail to preserve at 
least some remnant habitat.
The wild card
While managed honey bees seem to be 
faring well on a global scale, the same 
cannot be said for wild pollinators, 
though here the picture is murky. Most 
data are from North America and Europe 
and restricted to a handful of species, 
including bumble bees and butterfl ies, 
but studies suggest that the ranges 
of many pollinators have become 
severely constricted, with some cases 
of extinction even being reported. In 
one particularly notable recent example, 
ecologists took advantage of a dataset 
over 100 hundred years old produced 
by the naturalist Charles Robertson, 
who made extensive records of insect 
visitations near Carlinville, Illinois. The 
same sites that Robertson surveyed 
were studied in the 1970s, and then 
again more recently to produce a unique 
timeline of plant–pollinator interactions 
(Burkle et al. (2014). Science 339, 1611–
1615). The most striking fi nding was that 
over 50% of the bee species Robertson 
collected had disappeared from the 
region. What’s more, scientists found 
that the timing of insect emergence in 
the spring, and the fl owering times of 
the plants visited, in many cases had Curr
become out of sync, further reducing pollination services. The causes of 
these changes, like CCD are likely to be 
complex, but habitat loss and climate 
change likely fi gure importantly.
Studies like the Illinois project are 
rare but the fi ndings raise concerns 
about the status of wild pollinators as 
a whole. For the time being, there is 
simply very little information, so a huge 
amount of painstaking work identifying 
and counting pollinators on a global 
scale lies ahead. The problem is truly 
daunting — there are more than 20,000 
bee species alone. As a potential 
solution, some scientists are calling 
for the general public to pitch in. Dave 
Goulson, a bumble bee expert at the 
University of Sussex, says “My own lab 
recently launched ‘The Buzz Club’ to 
get members of the public involved in a 
national scheme to monitor pollinators 
using pan traps (http://thebuzzclub.uk/ ). 
So far as I know there is very little going ent Biology 25, R811–R826, October 5, 2015 ©on elsewhere in the world to monitor 
wild pollinators. I think citizen science 
is the only practical way to gather 
suffi cient data — the advantage of pan 
trapping is that we can get citizens 
to collect the samples, but we do the 
identifi cation.” 
The plight of wild pollinators is also 
relevant to the future of agriculture. 
While it is true that the yields of 
pollinator-dependent crops continue to 
increase, recent studies suggest that 
wild pollinators play a central role in 
their production, and it is not clear that 
supplementing their loss with managed 
honey bees will be a viable option. 
Garibaldi et al., for example, showed in 
a large study examining 41 different crop 
systems that fruit yields correlated best 
with visitations by wild insects rather 
than managed honey bees (Garibaldi 
et al. (2014). Science 339, 1608–1611). 
The wild pollinators appear to be able 2015 Elsevier Ltd All rights reserved R813
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Citizen science: To address the lack of data on wild pollinators — their abundance and distribu-
tion — some scientists have called on local citizens for help. One manifestation of this scientist–
layman collaboration is the Buzz Club in the UK. In one project of the club, locals put out and 
collect pollinator traps, which are then sent to universities where professionals can identify and 
count species. (Photo courtesy of Dave Goulson.) to pollinate with greater effi ciency than 
honey bees. Assuming native pollinators 
are generally in decline, studies like 
these raise the possibility that we could 
be approaching some unseen threshold 
where further increases in crops like 
almonds may not be possible. Even 
worse, they could collapse.
 Given these scenarios, there have 
been calls to preserve the biodiversity 
of our pollinating insects on economic 
grounds. This argument can actually 
be generalized to the strategy of 
conservationist groups as a whole, who 
often use the catchphrase ‘ecosystem 
services’ to describe the economic 
benefi t of biodiversity. While valid up to 
a point, some experts have pointed out 
that the argument can be taken too far. 
A meta-analysis from Kleijn et al. looking 
at 90 studies and 1,394 crop fi elds, 
for example, showed that only a small 
subset of wild pollinators contribute to 
crop productivity (Kleijn et al. (2014). 
Nat. Commun. 6, 7414). The authors 
argue therefore that ecosystem services 
should not be used as justifi cation for 
the preservation of all pollinating insects, 
lest we lose credibility with the public, 
and that preservation of biodiversity 
should be a separate goal in itself. 
Claire Kremen, one of the authors of 
the aforementioned study, explained, 
“If we focus only on ecosystem service R814 Current Biology 25, R811–R826, Octoarguments for biodiversity conservation, 
we will miss many species, whose 
contributions to a specifi c service 
is either nonexistent, small, or not 
yet known to us. To conserve all of 
biodiversity, we need to convince the 
public at large that not only is biodiversity 
critical for our own survival, which it 
clearly is due to ecosystem services it 
provides, but also that biodiversity has 
an ‘intrinsic value’ and ‘a right to exist’ 
that provides the rationale for a broader 
conservation ethic.”
One of the assumptions implicit in the 
study by Kleijn et al. is that you could 
in principle target one or a few species 
for conservation if their economic value 
were the desired goal. As a general 
principle, some conservationists are 
doubtful this is feasible. Stuart Pimm, 
a world-renowned expert on species 
extinctions, based at Duke University, 
reacted to the Kleijn et al. study with 
some skepticism, saying, “One can 
ask this as a general question. Do the 
rare species in (say) a forest — the 
ones most likely to be threatened — 
contribute to the ecosystem services the 
forest provides. I’m often asked this in 
the connection of an endangered bird 
I study— the Cape Sable sparrow in 
the Everglades. Would the Everglades 
miss it were it to become extinct? The 
problem is that this is the wrong way ber 5, 2015 ©2015 Elsevier Ltd All rights reservround. The rare species in the forest and 
the sparrow would not be there if we 
destroyed their habitats.” Pimm added, 
“Now, what the Kleijn et al. paper argues 
is that, in this instance, we can separate 
the rare bees (in need of conservation) 
and the common pollinator bees (in need 
of other strategies). I don’t know enough 
about the particulars to comment. 
Generally, however, we cannot. The 
sparrow is threatened precisely because 
the Everglades is being mismanaged.”
In fact, bees may indeed be a special 
case. While echoing Pimm’s doubts 
about the general feasibility of targeting 
individual species, Rachael Winfree, 
another author on the Kleijn et al. paper, 
explained, “for bees it is more possible 
to restore particular species (e.g. in this 
case, crop pollinators). This is because 
bees have host plant preferences, and 
pollinator restorations are generally 
based on restoring fl oral resources. 
Thus practitioners have more of a tool 
kit to work with in targeting particular 
bee species, compared with some 
other taxa. More importantly, our paper 
shows that the rare species are largely 
absent from the landscapes where 
most pollinator restorations take place, 
namely agricultural landscapes, whereas 
the ecosystem-service-providing 
bees are still common in agricultural 
landscapes. Thus, pollinator restorations 
as they are currently practised will be 
focused more on the common and 
widespread crop pollinators than on rare 
species.” 
And David Kleijn, the lead author 
on the paper who contributed most 
of the analysis responded to Pimm’s 
comments, saying, “I think he is 
describing the ideal picture and for 
restorations of more or less natural 
ecosystems. There it makes sense 
that if you restore the habitat for 
certain species many other species will 
benefi t. This is not what will happen 
in agricultural landscapes where 
generally only habitat improvements 
are being implemented.” Kleijn 
continued, “With respect to the 
targeting: what we see in agricultural 
landscapes in north-western Europe is 
that entire conservation programs are 
specifi cally targeted to the needs of one 
or a few species. Targeting is good news 
for the targeted species (group) as these 
conservation programs are generally 
more effective than more general 
programs, but the downside is that ed
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The second of the two 1953 Watson 
and Crick papers in Nature (May 30) 
was titled “Genetical Implications of 
the Structure of Deoxyribonucleic 
Acid,” but the genetical implication 
uppermost in their minds was not how 
DNA coded for proteins. Rather they 
emphasized that the structure solved 
“…one of the biological problems — 
the molecular basis of the template 
needed for genetic replication.” 
Perhaps the answer to how a DNA 
molecule could act as a carrier of 
genetic information was self-evident 
and it was dealt with in a single 
sentence: “it seems likely that the 
precise sequence of bases is the code 
which carries genetical information.” 
Thirteen years later almost to the day 
(June 2, 1966), the 31st Cold Spring 
Harbor Symposium on Quantitative 
Biology began, the topic “The Genetic 
Code.” In this short period of 13 
years, when protein sequencing 
was in its infancy and before DNA 
sequencing, the genetic code had been 
deciphered. It was, as Crick wrote in 
the Symposium volume, an historic 
occasion, and he presented a table 
showing the set of triplet bases and 
the amino acids they coded, complete 
except for UGA. (One year later, Sydney 
Brenner and his colleagues showed 
that UGA was a stop codon.) 
Matthew Cobb’s book tells the 
story of what went on in those 
13 years, a dramatic story in which 
two lines of research were pursued, 
one by experimentalists and the other 
by theoreticians. The former were 
successful when Marshall Nirenberg 
and Heinrich Matthaei deciphered the 
codon UUU as coding for phenylalanine 
(Figure 1). 
A signifi cant subtext to Cobb’s 
story concerns the extent to which 
information theory as formulated by 
Book review Claude Shannon and Norman Weiner 
infl uenced theoretical approaches to 
the code, and the impact of information 
theory on biological research in 
general. This central section of the 
book is preceded by an account of 
the development of genetics, and 
followed by an account of research in 
the years since the code was cracked. 
I will discuss these fi rst and then return 
to his account of the cracking of the 
genetic code.
Cobb begins not with Watson and 
Crick’s reference to a genetic code, 
but with Mendel, and rapidly moves 
through Walter Sutton, T.H. Morgan, 
and Herman Muller. The latter’s work 
on X-rays and mutation introduces the 
work of Nikolay Timofeef-Ressovsky, 
Karl Zimmer and Max Delbruck, 
published as “Über die Natur der 
Genmutation und der Genstruktur,” 
and notable for Delbruck’s use of 
target theory to calculate the size of 
a gene. The paper had little impact 
(years later many unused reprints were 
found in the basement of what is now 
the Akademie der Wissenschaften 
zu Göttingen, which published the 
paper) and would have remained 
obscure had not Erwin Schrodinger 
featured it in his book What is Life? 
published in 1944. The book was 
notable for Schrodinger’s references 
to a chromosome as an “…aperiodic 
crystal” containing in “…some sort of 
code script the entire pattern of the 
individual’s future development…” 
and for the infl uence that some of the 
leaders of molecular biology — Benzer, 
Crick, Watson and Wilkins — claimed 
it had on their careers. However, 
Schrodinger’s words seem to have 
been inspirational rather than provide 
a program of research, and later Max 
Perutz roundly dismissed the book: 
“Sadly…a close study of his book and 
of the original related literature has 
shown me that what was true in his 
book was not original, and most of 
what was original was known not to be 
true even when the book was written.”
This section ends with a clear 
account of the discovery of the 
double helix, emphasizing that there 
was nothing underhand in Wilkins 
showing Watson photograph 51; 
Ray Gosling has made clear that 
Franklin told him to give all their 
data to Wilkins for Wilkins to use as 
he wished. there are few positive side-effects on 
other species.” Such programs include 
practices such as planting wild fl owers 
in fi eld margins and providing suitable 
bee nesting sites near fi elds.
An uncertain future
The status of pollinators worldwide is 
a mixed bag. While managed honey 
bees appear to be on the rise globally, 
the same cannot be said for wild 
pollinators, but here, as noted, much 
more data are needed. What is clear 
is that neonicotinoid pesticides, while 
one of many threats to bees, have the 
potential to cause harm. Thus, the 
recent decision by the UK government 
has left scientists scratching their heads, 
particularly as there is doubt that crops 
are actually under threat. Dave Goulson, 
for example, points out, “Given that the 
yield from oilseed rape in 2014/15 has 
turned out to be higher than average 
without neonics, it is very hard to see 
how they could make a convincing 
case for a derogation.” So the rationale 
behind the decision is unclear, and 
there have been suggestions that the 
UK government may be intentionally 
withholding information. Speculating, 
Goulson, for example, said “it did seem 
that the minutes of the ACP [Advisory 
Committee on Pesticides] meeting 
that discussed the application for a 
derogation were suppressed”, adding, 
“The application itself has also been 
kept secret on dubious grounds.”
Whatever the reasons for the UK 
decision, the EU ban on neonicotinoids 
is set to expire in January, leaving future 
regulation of these pesticides uncertain. 
In the US, one of the world’s largest 
producers of pollinator-dependent 
crops like California almonds, the 
situation is even more dire as there has 
been almost no regulation, except in 
scattered municipalities. A contributing 
factor to the lack of regulation may be 
the strong lobbying efforts of pesticide 
manufacturers like Bayer, and one 
wonders if the same is true in the 
UK, as well as more globally. In the 
future, much greater transparency will 
be necessary to show how scientifi c 
evidence is balanced against the 
interests of industry. Otherwise, we may 
actually fi nd ourselves in a bona fi de 
pollinator crisis.
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